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Investigation of the 4" order dynamic systems characteristic polynomials behavior in conditions of the interval 
parametric uncertainties is carried out on the basis of root locus portraits. The roots behavior regularities and corresponding 
diagrams for the root locus parameter distribution along the asymptotic stability bound are specified for the root locus port- 
raits of the systems. On this basis the stability conditions are derived, graphic-analytical method is worked out for calcu- 
lating intervals of variation for the polynomial family parameters ensuring its robust stability. The discovered regularities 
of the system root locus portrait behavior allow to extract hurwitz sub-families from the non-hurwitz families of interval 
polynomials and to determine whether there exists at least one stable polynomial in the unstable polynomial family. 
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Ha ocHoBi BHKOpHcTaHHA KOpeHeBHX MOPTpeTiB MPOBOAMTLCA AOCIIPKEHHA MOBEAIHKH XapakTepHCTHYHUX MOII- 
HOMIB JMHaMIYHHX CHCTeM YeTBEPTOTO NOpAAKy B YMOBaX IHTepBaJIbHO! NapaMeTpH4Hoi HeBu3HayeHocti. Jt KOpeHeBuX 
MOPTpeTiB CHCTeM BU3HAYaIOTLCA 3AKOHOMIPHOCTI NOBeIHKM KOpeHed i BINNOBITHI AiarpamMu posnogity PyHKuii napa- 
MeTpa KopeHeBoro royorpada B3JOB%K MexKi ACHMMTOTHYHO! cTilikocTi. Ha wit OCHOBI (POPMYJIIOIOTBCA YMOBH CTIMKOCTI, 
pospoOsteTbca TpatboaHaliTH4HHi MeTOA WWId OOUNCIeHb iHTepBaIIB Bapiallil MapaMeTpiB MOJMHOMIaJIbHOrO CiMelicTBa, 
wo 3a0e3se4y1oTb Horo pobactuy cTIMKicTb. BusBsIeHi 3aKOHOMIPHOCTI HOBeEAIHKH KOpeHeBOrO HOpTpeTy CHCTeMH {03B0- 
JIMIOTh BHAIIATH FypBIWEBH MiCeMelcTBa 3 HerypBIL[eBHX CiMeHCTB iHTepBaIbHUX MOJIHOMIB 1 BH3Ha4aTH, 4M ICHye xoua 
© OAMH CTIMKHM MOJIHOM y HeCTIMKOMY B LWJIOMy iHTepBaJIBHOMY CiMeHCTBI MOJMHOMIB. 

Ksroyosi copa: TOsIHOM, TWHaMidHa CHCTeMa, HCBH3HA4CHICTh, CTIMKICTh, poOacTHICTb, KOpeHeBHM MWopTper, 


(pyHKUia MapaMetpa KopeHeBoro royorpada 


Introduction 

The tasks of analysis and synthesis of 
control processes occurring in dynamic 
systems of different physical nature, opera- 
ting in conditions of substantial parametric 
uncertainty, including the engineering ones, 
are currently very urgent and challenging as 
it is emphasized in [1l, 2]. One of such 
problems is a problem of flux control in 
electric motor vector control systems opera- 
ting in conditions of uncertainty because the 
flux control quality affects greatly the 
electromagnetic torque and speed control 
quality, and thus the drive power efficiency. 
Therefore, of great importance are the tasks 
of stability investigation and parametric 
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synthesis of robust control systems (their 
characteristic polynomials) for the plants, 
which parameters are varying within the 
specified intervals of values. 

In the area of investigation and 
synthesis of dynamic systems characteristic 
polynomials there exists a lot of approaches 
and methods. For the first time the necessary 
and sufficient conditions for systems up to 
the 3-rd order were formulated by James 
Maxwell in 1868. Later appeared the stability 
criteria of Routh — Hurwitz, Mikhajlow, 
Nyquist, Bode, which made it possible to 
check stability of the systems of order n. The 
frequency Nyquist criterion was the first one 
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that could be used for synthesis by estimation 
of the system degree of stability. 

Among the modern methods of synthe- 
sis [1, 2] together with the frequency ones 
the root locus and state-space methods could 
be listed. The main results in the area of the 
frequency approach to analysis and synthesis 
of robust dynamic (control) systems are 
given in [3], where the stability of uncertain 
polynomials, including interval ones, is also 
considered. 

The methods for analysis and synthesis 
of polynomial families represent the separate 
group. The most effective solutions for the 
task of interval polynomial families investi- 
gation within the algebraic approach have 
been proposed by V.L. Kharitonov [4], 
where in the general case the task is reduced 
to consideration of only four specific poly- 
nomials of the whole family with constant 
coefficients. In [3, 5] the frequency criteria of 
hurwitz robust stability are considered, which 
allow to define the coefficient perturbation 
sweep for the nominally stable polynomial 
and various types of uncertainties. Hurwitz 
robust stability is also investigated in [6—10]. 

Of great interest are the problems of 
ensuring system stability and quality being 
solved in the modern statements of the 
problem [2] as tasks of ensuring system 
robustness, which could be also solved by 
application of the root locus approach. 

Root locus approach to the problem is 
considered in [11-16]. The task of a stable 
characteristic polynomial synthesis for the 
interval dynamic system (IDS) by setting up 
coefficients of the given (initial) unstable one 
for the case of location of its root locus initial 
points (the points where a variable parameter 
is equal to zero) family within the left half- 
plane is solved in [15], where the stability is 
attained via simple setting up the an interval 
of the free term variation. 

In this work the graphic-analytical root 
locus approaches are described for calcu- 
lating intervals of uncertainty for coefficients 
of the given (initial) stable or unstable poly- 
nomial with coefficients subject to pertur- 
bations, which ensure its robust stability. The 
proposed methods are based on introduction 
and application of the notion of the "diagram 
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of the root locus parameter function values 
distribution along the stability bound" and can 
be used for both synthesis of interval stable 
polynomials by setting up (adjusting) the 
unstable ones and analysis of the polynomial 
behavior under coefficient perturbations. 

The work further develops the results of 
B.D.O. Anderson [16] and V.L. Kharitonov 
[4] where they consider the issues of robust 
interval polynomial families analysis. 

The Problem statement 

Define a polynomial like 


gn(s) = 5" + ais”! + ... + GnAS + Gn, (1) 


where aj are given (initial) values of real 
polynomial coefficients, j = 1, 2, ..., n. 

In the event of coefficient perturba- 
tions, a vector of coefficients of (1), a = (a1, 
..+, An-l, Qn), belongs to some connected set A 
c R", a € A; nis a degree of the polynomial 
(integer value); s is a complex variable, s = o 
+10. 

Suppose that coefficients of (1) vary 
within the following intervals: 


aj Sa,;<aj, j=l,n. (2) 


where a; and aj are minimal and maximal 


limit values of closed interval (2) of coeffici- 
ents aj; Variation correspondingly. Polynomial 
(1) can be both, nonhurwitz or hurwitz one. 

After substituting s=o+i@ write the 
root locus and parameter equations [12] 
correspondingly: 


v(6,@) = 0, and (3) 
dn = U(O,0), (4) 


where u(o,@) and v(o,q@) are real functions of 
two independent variables o and o. 

The root locus method represents a 
powerful and effective tool for stable and 
qualitative polynomials synthesis and analy- 
sis. Especially in the cases when their para- 
meters are subject for perturbations. There- 
fore, the task of the work is focused on 
working out the stability conditions and 
methods for investigation and parametric 
synthesis of characteristic polynomials of 
dynamic systems (in this case of the fourth 
power) with interval uncertainty (interval 
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dynamic systems (IDS)) based on disco- 
vering regularities of the system root locus 
portraits behavior at the asymptotic stability 
boundary. 

Root locus portrait of an uncertain 
polynomial 

Consider a dynamic system described 
by the family of interval characteristic poly- 
nomials [3, 4, 11, 12] like 


gas) =s*+ais° +... ta3s +44, (5) 


where s is a complex variable, s = 6 + io. 
Variation of the dynamic system charac- 
teristic polynomial coefficients (parameters) 
within specific intervals reflexes its physical 
parameters variation, their undesirable chan- 
ging relative to the required values, i.e. the 
system parametric uncertainty. Suppose that 
coefficients of (5) are real, positive and vary 
within the intervals (2): 


where aj; u a; — correspondingly minimal 
and maximal values of the closed intervals of 
coefficient a; variation. 

Rewrite (5) after substitution of 
S=O0+i0=i0 (o =0): 


4 3. 2 
O —a,OMi-a,w +a,0i+a, =0, (7) 


and on the base of (3) and (4) write corres- 
pondingly the root locus equation [11, 12] at 
the stability bound: 


—a,o +a,0=0 (8) 


and the parameter equation (parameter 
function) [11, 12] at the stability bound: 


f(@) =-o' +4,0° =a, (9) 


for the given interval dynamic system (IDS) 
[11, 12, 15]. 

The family P of root loci of interval 
polynomial (1) with coefficients varying 
within (2) name as interval polynomial root 
locus portrait (interval polynomial root 
locus) or interval dynamic system root locus 
portrait (interval dynamic system root locus). 

The root locus generated while varying 
free term dn of (1) name as a free root locus 


© A.A. Nesenchuk 


[14]. Parameter a, in this case is named as a 
root locus parameter or a free parameter. 

Let us together with a, vary also para- 
meter dn-1 of (1). Thus, when varying two 
parameters, dn and dy-1, simultaneously we 
generate a (free) root locus field Fx (k = 1. 2, 
...) in the planes of system roots, which 
could also be named a two-parameter root 
locus field or a (an interval) root locus sub- 
family. Parameter dn-1 used for the field gene- 
ration is named a root locus field parameter. 

Evidently, root locus equation (8) re- 
presents also the equation of level lines of a 
free root locus field Fx. 

Root locus portrait P is then represent- 
ted by a family of root locus fields, 


P={F; | k=1, 2, ...}, (10) 
that represents infinite set of root locus fields 
and, therefore, features their properties. 

Crossing region of the root locus portrait 
Due to analyticity and continuity pro- 
perties of functions (8) and (9) it is evident 
that the cross points of the stability bound 
(axis i@) by the branches of root locus family 
P (10) under condition 
0<aj<+o (11) 
form on this axis a specific crossing region, 
DP 
Definition 1. Crossing region D" of 
root locus portrait P of an interval dynamic 
system, described by characteristic polyno- 
mial (5), is a region [— 0, + co] on the system 
asymptotic stability bound ia where the given 
portrait parameter function (9) values family 
is located provided all coefficients a; of (5) 
vary within limits (11). 
It is also evident that D’ represents a 


continuous region. Thus, every field Fx (10) 
and every branch ,,,i =1,2,..., of the field 


root loci generate specific sub-regions, 
correspondingly sub-region Dr , and conti- 
nuous sub-region D?., within the above spe- 
cified crossing region D? . 

Due to the symmetry of the portrait 
relative to axis o, hereinafter the only upper 
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complex half-plane s and the upper half-axis 
i@ are considered. 

Extremum region: root locus parame- 
ter function majorant and minorant 

Define maximal and minimal values of 
parameter function (9) within sub-region 
Dr Ee DP . For this purpose it is required to 
investigate this function for extremum. Evi- 
dently, the majorant parameter function (or 
majorant) is obtained by rewriting (9) as 


Agmax =O +O. (12) 


Take the first-order derivative of (12) 
and set it to zero: 
—4@° + 2a,0=0. (13) 
After solving (13) obtain three points of 
extremum for majorant parameter function for 
the field when a, =a2: 
= 0, a4 = 0; 
O:.) S44 2. 


max \ 2 Age = 


@ 
max 


(14) 


= -O.. + a, ° O.: 

Evidently, (12) is a majorant for the 
whole portrait. 

Rewrite (9) for determination of a mino- 
rant parameter function (or a minorant): 

A4min =O +a20°. (15) 

Take the first-order derivative of (15) 
and set it to zero: 

—4@° + 2a2.0=0. (16) 

After solving (16) obtain three points of 
extremum (minimum) for minorant parameter 
function at the stability bound for the field 
when a, =d2: 


emin : de ; 


la 
iri a 


: ago... = 
€min 2 4emin 


(17) 


4 2 
=-O, +a42'O, .. 
emin emin 


Evidently (15) is a minorant for the 
whole portrait. 


Definition 2. Extremum region Ds, of 
root locus portrait of an interval dynamic sys- 
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tem, described by characteristic polynomial 
(5), is a region [0, @ at the system 


emax ] 
asymptotic stability bound im where the given 
portrait parameter function (9) extremum 
values, Agen (14) and Bap nin (17), family is 


located provided all coefficients a; of (5) vary 
within limits (11). 

A diagram for the parameter function 
distribution along the stability bound 

In Fig. 1 a diagram for the interval root 
locus portrait parameter function (9) values 
distribution along the stability bound is repre- 
sented by majorant (12) and minorant (15) 
parameter functions. For the purpose of 
simplification and better understanding the 
points of extremum in Fig. | are connected by 
strait lines though they represent curves. Thus, 


ax 


region D? could be divided into three sub- 

regions (Fig. 1): 

— region D.* where the parameter function 
increases (increasing region); 

— region Dj» where the parameter function 
decreases (decreasing region); 

— region De of increasing and decreasing 
regions combination (mixed region). 

Consider region Z and interval 

[z',2"], 

[56 howe: 

ON axis i where the root locus portrait 
initial points (i.e. the poles, where root locus 
parameter a4 is equal to zero) [11, 12, 14] 
migrate across the stability bound to the right 
half-plane. Points z', z" correspond to zi, Z2 in 
the diagram. 

Within interval [0, z'] covering com- 
pletely region Do" and partly region Do’, 

dD,” €[0,2'7, (0.2 (1D, : 


the stability bound is crossed only by posi- 
tive branches of the system root locus port- 
rait. Family Z of the root locus portrait initial 
points here is completely located within the 
left half-plane L, 


Zet: (18) 


however, positive branches of the portrait are 
partly located in the right half-plane. There- 
fore, within polynomial family (5) the un- 
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stable polynomials probably could be found, 
but there also exist specific intervals (6) 
ensuring stability of the whole family. Inter- 
val [0, z'] is thus named the system stability 
region. 


be 
7 


Within interval [z', z"] partly belonging 
to region Do’ and partly — to region Do , 


[z2.z"IND, .[z.z"IND, » 


o ay 


Fig. 1. A diagram for distribution of the interval system root locus portrait parameter 
function along the asymptotic stability bound 


the stability bound is crossed by both posi- 
tive and negative branches of the system root 
locus portrait. 

Some initial points and, therefore, some 
positive branches of the root locus have 
migrated to the right half-plane. Thus, in this 
case family (5) comprises both stable and 
unstable polynomials. Interval [z', z"] is thus 
called the system instability region. 

Within interval [z", ©], completely 
belonging to Do , 

[2 ele D,:; (19) 

the stability bound is crossed by only 
negative branches of the root locus family. 
The whole family Z and, therefore, the cor- 
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responding positive root locus branches have 
migrated into the right half-pane, 

ZCR, (20) 

and in this case the system root locus fa- 
mily doesn’t contain a single positive branch 
(or a portion of a positive branch), and, there- 
fore, family (5) doesn’t comprise a single 
stable polynomial. This region is called the 
instability region. 

Real crossing region 

Define the limits of crossing region De 


where the stability bound is crossed by 
branches of the root locus portrait. For this 
purpose consider equation (8) and define 
values of its roots. For the root locus portrait 
(when w>0O) 
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Omax =|) Omin =, [2 (21) 


‘ min 
\ a \ 


where @,,,, and @,,;, are limits of the 


min 
real crossing region. 
Definition 3 Real crossing region DE 
of the given interval dynamic system root 
locus portrait, described by characteristic 
equation (5), is a region [@i,,®max 1 (21), 
located at the system asymptotic stability 
bound i@ where this bound is crossed by the 
root locus portrait branches. 
ICDs. (22) 
Graphic-analytical stability conditions 


for interval polynomials 
These conditions depend on how does 


[@ 


min? Omax 


the real crossing region DE is located relative 


to the increasing region Da”, decreasing region 
Do» and mixed region Do (see sections 3-6). 
Define three possible options of this location 
and the stability conditions corresponding to 
each one of them. 

A. Real crossing region belongs to the 
region Do’ , 

DE aD. (23) 

This case of D*® location takes place 
when: 

Orie Os Aas 

Based on the commonly known asymp- 
totic properties of root loci [2], the following 
statement could be formulated. 

Statement 1. If condition (23) holds, the 
family Z of initial points of the dynamic 
system root locus portrait, described by poly- 
nomial (5), is located in the left half-plane L, 

ZeL. (24) 

Consider a set S of intervals s; of the 
system root locus portrait P branches: 

S ={s; =[0,a,(@,)], i =1,2,...}. (25) 


where a4(@;) are values of parameter 
function (9) at points of axis im having 
coordinates w;; $ c P and S c L (see (21)). On 
the base of (23) and (24) write the following 
expression: 


(\s, =inf S=[0,a.(0,,), (26) 


i=l 


30 


ISSN 1561-5359. Wtyannii intenext, 2019, Ne 1-2 


where d4(@,,..) iS the minimal value of 


function (9) at a point having coordinate @min 
(21). Therefore, 


> 


Vv a,e€ [a4,a4] [a4 € [0, 24(Omin (27) 


a,EeS&PCTLI, 


V ay €[a4,a4] [ay €[0,a4(Mpin)] > (28) 
a,¢éS&PEZLI. 

Based on (25) and (28) formulate the 
following statement. 

Statement 2. The asymptotic stability of 
the dynamic system, described by interval 
characteristic polynomial family (5) and satis- 
fying expression (23), is ensured when the 
following condition holds: 

a4 < d4(Omin)- (29) 

Definition 4. Dominating polynomials in 
polynomial family (5) are specific poly- 
nomials with constant coefficients, which 
stability guarantees stability of the whole 
family. 

From condition (29) follows that the 
system asymptotic stability in this case is 
defined by the value of a4(a,,;,). It means 
that in this case the dominating one is a poly- 
nomial of (5) defined on the branch passing 
through the point having a coordinate @min 
corresponding to the parameter function value 
a4(@,in)- In its turn, a point having coor- 
dinate @min is defined by expression (21), i.e. 
by coefficients ai,a3 of (5); the parameter 
minimal value, a4(@,;,) at this point is 
defined by (15), i.e. by the coefficient az. 
Based on Statement2 and the above 
conclusions, formulate the following stability 
condition. 

Stability condition 1. If the interval 
dynamic system root locus portrait P (10) 
satisfies expression (23), the system asymp- 
totic stability is ensured when polynomial 

s +a,s° + as” +.a38 +a,=0 (30) 

of family (5) is stable: 

Stability condition | is applied for veri- 
fying the polynomial (system) stability and 
Statement 2 - for the system parametric 
synthesis. 
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B. Real crossing region belongs to the 
region Do , 

Dred. (31) 

Such case of DE location takes place 


when: 
Omin es O, 


Based on conclusions made in 
sections 3-6, see case (19) and expression 
(20), and the well known asymptotic proper- 
ties of root loci [2, 11, 12], the following 
statement could be formulated. 

Statement 3. If condition (31) holds for 
interval dynamic system root locus portrait 
P, the whole family Z of its initial points 
satisfies expression (20), and hence, the sys- 
tem is unstable. 

C. Real crossing region completely or 
partially belongs to the mixed region Do* 

DE cD, v DEND,.. (32) 

This case of D* location takes place 
when conditions 

max < Oe in ? 
Orit = Dye nee 
are not satisfied. 

In this case the specific portion, P*, of 
the root locus portrait P crosses the stability 
bound within the parameter function 
increasing regions and the specific one, P, — 
within the decreasing regions: 

P=P'+P, (33) 

The increasing part of (33), when P= 
, was considered in section A. Therefore, in 
this section consider only the decreasing part, 
P’. Consider first the family Z of the root 
locus portrait P” initial points. Based on the 
previous conclusions and the well known 
peculiarities of the root loci asymptotic pro- 
perties [2, 11, 12], the following statement 
could be formulated. 

Statement 4. If condition (32) holds, 
family Z of initial points of the dynamic sys- 
tem root locus portrait, described by charac- 
teristic polynomial (5), can be located in both 
left half-plane L and right half-plane R, 1.e. the 
following options of Z location may take 
place: 
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Zeb. (34) 
Zc(L+R), (35) 
ZER, (36) 


Evidently, options (35) and (36) take 
place when 

DieDe (37) 

orD* ND, . (38) 

As options (35) — (38) a priori indicate 
instability of the system in whole, consider 


below the only option (34) of the system poles 
location, 


max < O(2'), (39) 
where «(z’) is the coordinate @ at point 
z' (Fig. 1). 


Therefore, define a set S of intervals s; 
of the system root locus portrait P” branches 
by expression (25). Then, based on (32) and 
(34) write for P’: 


(\s;=inf $=[0,d4(@paJ 40) 
i=l 


where a4(,,,.) is the minimal value of 


function (9) at point with coordinate max 
(21). Therefore, 


V a, €[a4,a4] [ay €[0,a4(Opax)] 


> 
(41) 
a,EeS&P cL, 


Vv age [a4,a4] La, g [0,44 (Omax)] 


a,éS&P CLI. 

Based on (29), (32) — (42) formulate the 
following statement for the whole portrait P. 

Statement 5. The asymptotic stability of 
the dynamic system, described by interval 
characteristic polynomial family (5) and satis- 
fying expression (32), is ensured when the 
following condition holds: 

d4a< MIN{A4(Myyin)>44(@mmax ) }- (43) 


> 
(42) 


From condition (43) follows that system 
asymptotic stability for the part P” of portrait 
(33), provided that condition (34) holds, is 
defined by the value of a4(,,,,). It means 
that in this case (i.e. for part of the portrait P’) 
the dominating one is a single polynomial of 
(5) defined at a point having coordinate max 
corresponding to the parameter function value 
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44(Mnax)- In its turn, a point having coordi- 


nate @max is defined by expressions (21), i.e. 
by coefficients aj,a3 of (5); the parameter 


minimal value, a4(0,,,,) at this point is defi- 


ned by (15), i.e. by coefficient az. Therefore, 
for checking stability of P” (33) it is enough to 
check the only one following polynomial of 
(5): 

s*+as° +aos’ +a3s+a,=0. (44) 

Taking into account that in this case the 
portrait is compound (33), the stability should 
be checked by checking two polynomials, 
(30) and (44) and, thus, formulate the 
following condition of stability. 

Stability condition 2. Vf the interval 
dynamic system root locus portrait P (33), 
describing the family of characteristic poly- 
nomials (5), satisfies expression (32), the 
system asymptotic stability is ensured when 
polynomials 


so+ as” +a28° +38 + a,=0, (45) 


sit as? + ans” +a3s+a,=0 (46) 

of family (5) are both stable. 

However, the above results show that 
for case (32) for checking system asymptotic 
stability one can use only a single equation of 
(5) with constant coefficients. What equation 
should be chosen, depends of condition (43) 
checking results. If it shows _ that 
MIiN{A4 (yin )>@4(Dmax)}=44(@min)> then 
equation (45) should be used for stability 
check. If it is shown that 
MIN{A4 (Onin) 44 (Omax)} = 44(@max), then 
the stability is checked according to (46). 

For determination of coefficients of (5), 
ensuring satisfaction of (34) and (39), formu- 
las (9) and (21) are used. Then, coefficients a1 
and a3 should satisfy relationship: 


3 <a(z'), as<aw(z) (47) 
\ a 


Stability conditions 1 and 2 are applied 
for checking the system stability; expressions 
(29), (43) and (47) could be applied for the 
system parametric synthesis. 
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Conclusions 

Investigation of the fourth power dyna- 
mic system characteristic polynomial behavior 
in conditions of the interval parameter varia- 
tions has been carried out on the basis of root 
locus portraits and introduction of a notion of 
the "diagram of the root locus parameter func- 
tion values distribution along the stability 
bound". Behavior regularities for the root lo- 
cus portraits of interval polynomials at the 
stability bound have been formulated. On this 
basis the stability conditions have been 
derived, graphic-analytical method has been 
worked out for calculating intervals of para- 
meter variation ensuring the system robust 
stability. In continuation to the results of 
B.D.O. Anderson [16] and V.L. Kharitonov 
[4] in this work it is proved that for the am 
power interval systems families asymptotic 
stability analysis it is enough to use the only 
one polynomial of the family. Moreover, the 
discovered regularities of the root locus port- 
rait behavior allow to extract stable sub- 
families from the unstable families of interval 
polynomials. 
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PE3IOME 


A.A. Hecenuyk 

AocaigxKenna i poOacTHHi cHHTe3 
30ypeHHx NOiHOMiB Ha NiqcTaBi Jiarpamu 
posnosity PyHkuii MapamMerpa KopeHeBoro 
roqorpaa 

Y poOoTi po3riaHyTi MMTAaHHA aHasi3y 
i CHHTe3y XapaKTepHCTHYHUX MOJMHOMIB JH- 
HaMI4HHX CHCTeM YeTBepTorO MopAyKy, O- 
CJNJPKeHHA iXHbOi MOBeIHKH B YMOBaX iH- 
TepBaIbHOi MapaMeTpH4HO! HeBu3Ha4eHOCcTi 
Ha Ii{cTaBi BAKOPHCTaHHA KOpeHeBUX MOpT- 
petis. Metoy KopeHeBoro royorpada € 10- 
TY2KHUM Ta e(—eKTHBHUM IHCTPyMCHTOM JIA 
CHHTe3y 1 aHasli3y poOacTHO CTiMKUX MOHO- 
MiB BIJIIOBI2HO JO YMOB {0 ixHbOi aKocTI. Y 
pe3yJIbTaTi Horo 3acTOCyBaHHA JIA KOpeHe- 
BUX MIOPTpeTiB CHCTeM BH3Ha4eHi 3AKOHOMIp- 
HOCT1 MOBeAIHKH Ta BIAMOBIAHI Marpamu 
po3smogity dyHkuii TapamMetpa KopeHeBoro 
royorpada B30BK Mexi acHMITOTHYHOI 
cTilikocT1. 

Ha wilt OcHOBI OTpHMaHi yMOBH cTiii- 
KOCTI, pospoOeHHli rpaoanalitTH4HHi Me- 
TOA Wid OOUMCIeHb IHTepBasliB Bapiallii ma- 
paMeTpiB MOJMHOMiaIbHOTO CiMeicTBa, LO 
3a0e3leuyrloTb Horo poOacTHy CTIMKICTb. 

Ha po3BuTOK pe3yiIbTaTIB, IO OTPHMa- 
Hi B.D.O. Anderson i B.JI. XapwHonosumM, y 
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WaHili CTaTTl OKa3aHO, WO WIA aHasi3y 
ACHMITOTHYHO! CTIMKOCTI 1HTePpBasIbHHX I10- 
JUHOMIaJIBHUX CIMeHCTB YeTBEPTOTO MOpATKy 
JOCTATHBO IlepeBIpHTH TIIbKH OHH MOJHOM 
cimelicTBa. 

3aKOHOMIPHOCTi MOBeAiIHKH KOpeHeBo- 
TO TlOPTpeTy, WO BHABJICHI, JO3BOJIAIOTL BH- 
JJIATH TYpBileBH I1ciMeiicTBa 3 HerypBille- 
BUX CiMeHCTB 1HTepBaJIBHUX TOJIHOMIB 1 BH- 
3HadaTH, 4H icHye xo4a 6 OFHH cTIMKH T0- 
JUHOM Y HeCTIMKOMY B IWIOMy TMOsMHOMIaJIb- 
HOMY CiMeiicTB1. 
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